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METHOD OF AND APPARATUS FOR 
MULTI-STAGE SORTING OF GLASS CULLETS 

Related Application 

This Patent Application claims priority under 35 U.S.C. 1 19 (e) of the co-pending U.S. 
Provisional Patent Application, Serial No. 60/403,297 filed August 12, 2002, and entitled 
"GLASS SORTER". The Provisional Patent Application, Serial No. 60/403,297 filed August 
12, 2002, and entitled "GLASS SORTER" is also hereby incorporated by reference. 

Field of the Invention 

The invention relates to a method and apparatus for sorting glass in general, and 
specifically, to a method and apparatus for sorting waste glass by color using a multi-stage 
sorter. 

Background of the Invention 

Currently, there is a need to preserve natural resources and reduce dependence on 
landfills and similar waste storage facilities. To meet this need, several processes and machines 
are used to identify and sort waste materials, such as glass. Glass containers and other glass 
objects are recycled by first crushing or breaking the glass into glass cuUets, which are small 
pieces of glass of varying characteristics that are distinguished by color. Prior to recycling, glass 
cullets of varying colors such as clear, green and brown, as well as combinations are placed on a 
conveyer belt and need to be separated and sorted. 

U.S. Patent No. 5,314, 071 to Christian et al. teaches a method of purification and color 
sorting of waste glass as well as, a glass beneficiation process and apparatus. Christian et al. 
teach a method of sorting glass based on the transmission properties of the glass using red and 
green lamps. In addition. Christian et al. detail a method of using an actuator to deflect the 
trajectory of the glass. The deflection causes the glass to descend into one of two paths, which is 
the undeflected trajectory and the deflected trajectory. The specifics of the prior sorting system 
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is taught and described in U.S. Patent No. 5,3 14, 071 to Christian et. al, which is hereby 
incorporated by reference. 

As fiill scale beneficiation has become more prevalent, the disadvantages of the system 
and method taught in Christian et al. have been realized. First, the red and green lamps taught in 
5 Christian et al. limit the spectral response of the system. Glass entering the beneficiation plants 
contain shades of green, brown or blue that cannot be differentiated with a red and green lamp. 
The second disadvantage by the system taught in Christian et al., is that Christian et al. describe 
a means to deflect the trajectory of the descending glass with a single actuator, which is termed a 
binary sort. Therefore, the single actuator in Christian et al. performs several sorting stages to 
10 arrive at a pure material. Additional sorting stages add cost, energy and time to the equipment 
and sorting process. 

A system and process which overcomes the limited spectral response equated with the 
red and green lamps is desirable. A system and process which utilizes multi stage sorting to 
increase the efficiency of the sorting system is also desirable. 

15 

Summary of the Invention 

One aspect of the present invention includes a system which sorts different colored 
objects, preferably glass cuUets, into separate groups of same colored objects. The system 
comprises a plurality of sorting devices which receive an input feed of different colored objects 

20 and sort the different colored objects into a plurality of output feeds. At least one output feed in 
the plurality of output feeds is a subsequent input feed to one or more sorting devices in the 
plurality. The one or more sorting devices sort the at least one subsequent input feed into a 
plurality of further sorted output feeds. At least one of the plurality of sorting devices is a final 
sorting device, wherein the final sorting device sorts one or more subsequent input feeds into a 

25 plurality of final output feeds. At least one of the plurality of output feeds contains objects of a 
desired color, flint objects and/or undesired objects, whereby the undesired objects are directed 
to a rejection bin. The final sorting device directs each of the plurality of final output feeds into 
a plurality of corresponding storage bins. The sorting device sorts the received different cuUets 
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based on light transmission properties of the colored cuUets. The sorting device further 
comprises a light emitting source which transmits at least one light of predetermined frequency 
through the glass cuUet. The light emitting source includes one or more of a red light emitting 
diode, a green light emitting diode, a blue light emitting diode and an infrared light source. The 
5 sorting device further comprises a sensor module that is coupled to the light emitting source and 
configured to receive light transmitted through the glass cuUet. The sorting device determines 
the color of the cullet from the at least one light received. The sorting device further comprises 
at least one actuator that is coupled to the sensor module, wherein the actuator directs the cullet 
to one of the plurality of output feeds depending on a signal provided by the sensor module. 

10 Another aspect of the invention includes a method of effectively sorting a group of 

different colored objects, preferably glass cuUets, into separate groups of similar colored objects. 
The method comprises the steps of receiving an input feed having a plurality of objects; and 
sorting the input feed into a plurality of output feeds. At least one output feed in the plurality of 
output feeds serves as a subsequent input feed. The method further includes the step of further 

15 sorting the at least one subsequent input feed into a plurality of subsequent output feeds. The 
method further comprises the step of receiving at least one of the plurality of subsequent output 
feeds and sorting the received the at least one subsequent output feeds into a plurality of final 
output feeds. The method further comprises the step of directing each of the plurality of final 
output feeds into a plurality of means for storing. At least one of the plurality of output feeds 

20 contains undesired objects, wherein the undesired objects are directed to a rejection bin. In 
addition, the output feeds contain flint objects and objects of a desired color. The cuUets are 
sorted based on light transmission properties of the colored cuUets, whereby at least one light of 
predetermined frequency is emitted through the cullet, and the light transmitted through the 
cullet is sensed, thereby determining a color characteristic of the cullet. The light includes one 

25 or more of a red light emitting diode, a green light emitting diode, a blue light emitting diode and 
an infrared light source. The method further comprises the step of directing the cullet to one of 
the plurality of output feeds depending on the color characteristic determined. 
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Another aspect of the invention is directed to a method of effectively sorting different 
colored objects, preferably glass cullets, into a plurality of groups of objects which have a 
similar desired quality. The method comprises the steps of providing a plurality of sorting 
devices. Each sorting device receives a mixture of objects of different qualities and separates the 
5 different received objects into a plurality of output feeds. Each output feed has objects of a 
substantially similar quality. The method includes configuring the plurality of sorting devices 
such that at least one output feed in each of one or more sorting devices in the plurality is input 
into a corresponding subsequent sorting device. The one or more sorting devices sort at least 
one received subsequent output feed into a plurality of further sorted output feeds. At least one 

10 of the plurality of sorting devices is a final sorting device, wherein the final sorting device sorts 
at least one received subsequent output feed into a plurality of final output feeds. The final 
sorting device directs each of the plurality of final output feeds into a corresponding storage bin. 
The method further includes the step of configuring a rejection bin to store at least one of the 
plurality of output feeds containing undesired objects. At least another one of the plurality of 

15 output feeds contains flint objects. Another output feed contains objects of a desired color. The 
sorting device sorts the received glass cullets based on light transmission properties of the glass 
cullets. The sorting device further comprises means for transmitting at least one light of 
predetermined frequency through the glass cuUet. The light includes one or more of a red light 
emitting diode, a green light emitting diode, a blue light emitting diode and an infrared light 

20 source. The sorting device further comprises means for sensing light transmitted through the 
glass cullet, wherein the sorting device determines the color of the glass cullet from the light 
sensed. The sorting device further comprises means for actuating coupled to the means for 
sensing, wherein the means for actuating directs the glass cullet to one of the plurality of output 
feeds depending on a signal provided by the means for sensing. 

25 Another aspect of the present invention includes a multi-level sorting system which 

separates different colored cullets into cullets having substantially similar color characteristics. 
The system comprises a first means for sorting the cullets. The first means for sorting directs the 
sorted cullets into a plurality of first output paths. The system includes a second means for 
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further sorting at least one received first output path. The second means for sorting directs the 
further sorted cullets into a plurality of second output paths. The system includes a third means 
for subsequently sorting at least one received first output path and at least one received second 
output path. The third means for sorting directs the subsequently sorted cullets into a plurality of 
third output paths. 

Another aspect of the invention includes a multi-level sorting system which separates a 
mixed stream of colored cullets into cullets having substantially similar color characteristics. 
The system comprises one or more first stage tri-sorters which sorting the cullets. The one or 
more first stage tri-sorters direct the sorted cullets into a plurality of first output paths. The 
system also includes a second stage tri-sorter which is coupled to the one or more first stage tri- 
sorters. The second stage tri-sorter sorts the cullets from the received first output path from the 
one or more first stage tri-sorters, thereby forming second sorted cullets, wherein the second 
stage tri-sorter directs the second sorted cullets into a plurality of second output paths. The 
system includes a third stage tri-sorter which is coupled to the one or more first stage tri-sorters 
and the second stage tri-sorter. The third stage tri-sorter sorts the cullets from the received first 
output path of the one or more first stage tri-sorters and at least one received second output path, 
thereby forming third sorted cullets, wherein the third stage tri-sorter directs the third sorted 
cullets into a plurality of third output paths. 

Brief Description of the Drawings 

Figure 1 illustrates a schematic of the preferred embodiment of the tri-sorting mechanism 
in accordance with the present invention. 

Figure 2 illustrates a three stage glass sorting system with tri-sorter mechanism in 
accordance with the present invention. 

Figure 3 illustrates a four stage glass sorting system with tri-sorter mechanism in 
accordance with the present invention. 

Figure 4 illustrates a flow chart of the sorting method in the three stage glass sorting 
system of the present invention. 
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Figure 5 illustrates a flow chart of the sorting method in the four stage glass sorting 
system of the present invention. 

Detailed Description of the Present Invention 
5 Figure 1 illustrates a schematic of the preferred embodiment of the tri-sorting apparatus 

100 in accordance with the present invention. As shown in Figure 1, the tri-sorter device 100 
preferably includes a light emitting module 102 coupled to a sensor module 104, whereby the 
light emitting module 102 and the sensor module 104 are positioned opposite from one another 
on either side of the initial path of the cuilet 97. The tri-sorter device ICQ also includes a first 

10 actuator 106 and a second actuator 108 which are preferably positioned opposite of one another 
on either side of the initial path of the cuilet 97. A control module 120 is coupled to the light 
emitting module 102, the sensor module 104, the first actxxator 106 and the second actuator 108. 
It is apparent to one skilled in the art that the other components of the system not shown in 
Figure 1 are contemplated and the design of the tri-sorter 100 of the present system is not limited 

15 thereto. Within the sorting device 100, the glass cuilet 97 is directed along one of three 

trajectory paths 1 10, 1 12 and 1 14 depending on the color of the cuilet 97 as detected by the 
sensor module 104. Thus, the particular trajectory path that the cuilet is directed to is 
determined by the transmission properties of the cuilet as well as the color sensed by the sensor 
module 104. The trajectory paths lead the cuUets 97 into bins, shown in Figures 1-3. The bins in 

20 Figure 1 are separated by mechanical separators 1 16, 1 18. 

The cuilet 97 preferably falls vertically between the light emitting module 102 and the 
sensor module 104. The Kght emitting module 102 preferably includes four light sources, 
although any number of light sources are alternatively used. Preferably, the light emitting 
module 102 includes a red light source, a green light source, a blue light source and an infrared 

25 light source. The light source is preferably a light emitting diode or LED, however any other 
type of light source is contemplated. Altematively, any other appropriate light source or 
combination of light sources is used as the light source within the light emitting module 102. A 
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control module 120 is coupled to the light emitting module 102 and controls each of the four 
hght sources to emit light sequentially and at regular intervals. 

The light emitted from the light emitting module 102 is transmitted through the cuUet 97 
as the cuUet 97 falls between the light emitting module 102 and sensor module 104. The sensor 
5 module 104 receives and senses the light transmitted through the cullet 97. The control module 
120 is coupled to the sensor module 104 and determines the color of the cullet 97 based on the 
attenuated levels of light observed at the sensor module 104 and compared to stored non- 
attenuated levels. The details of the operation of the sensor module in conjunction v^ith the 
control module to detect transmission properties and colors of glass are well knovm in the art 

10 and will not be discussed in detail herein. Once the color of the passing glass cullet 97 is 

identified, the control module 120 activates the corresponding actuator 106, 108 to deflect the 
cullet 97 into the desired trajectory path or does not activate either of the actuators 106, 108 and 
lets the cullet 97 fall along the initial trajectory path 1 12. 

For instance, if the cullet 97 is identified by the sensor and is to be directed into bin #3, 

15 the control module 120 will activate the first actuator 106 to blow air at and thereby deflect the 
passing cullet 97 to the trajectory path 1 14. Similarly, if the cullet 97 is identified by the sensor 
to be directed into bin #1, the control module 120 will activate the second actuator 108 to blow 
air at and thereby deflect the passing cullet 97 to the trajectory path 1 10. Additionally, if the 
cullet 97 is identified by the sensor to be directed into bin #2, the control module 120 will not 

20 activate either actuator 106, 108, and the cullet 97 will fall undisturbed down the initial 

trajectory path 1 12. In alternative embodiments, each tri-sorter alternatively has any number of 
light emitting modules 102, sensor modules 104, control modules 120 and actuators 106. 

The sorting system of the present invention has a number of component subsystems that 
work in conjunction v^th one another to effectively sort and filter the array of mixed glass 

25 cuUets into bins, whereby each bin has a collection of substantially same colored cuUets. It is 
apparent to one skilled in the art that the preprocessing and preparation stages are incorporated 
into the present system. The preprocessing and preparation stages preferably include glass 
crushing, a glass washing, sifting and sorting preparation. A sifter (not shown) preferably 
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removes the small undesirable shards of glass from the cuUets that are to be sorted. A vibratory 
feeder (not shown) preferably prepares the cullets for sorting by providing adequate spacing 
between each glass cuUet such that the system has sufficient time to analyze and sort each glass 
cuUet. In addition, conventional transport means, such as conveyer belts, preferably deliver the 
cullets to the locations where the cullets are processed. The details of the preprocessing stages 
are well known in the art and are not discussed in any further detail herein. 

Figure 2 illustrates a three stage glass sorting system 200 with multiple tri-sorter 
mechanisms in accordance with the present invention. As shown in Figure 2, the sorting system 
200 includes a first stage tri-sorter 202 coupled to a second stage tri-sorter 210. The first stage 
tri-sorter 202 and the second stage tri-sorter 210 are coupled to a rejected material bin 218 and a 
third stage tri-sorter 222. In addition, the second stage tri-sorter 210 is coupled to a high quality 
flint bin 220, The third stage tri-sorter 222 is coupled to a high quality green cuUet bin 230, a 
poor quality flint bin 232 and a high quality brown cullet bin 234. 

The operation of the three stage sorting system 200 of the present invention will now be 
discussed in conjunction with the flow chart illustrated in Figure 4. In particular, crushed glass 
is placed in the mixed material bin 99 at the step 400. It should be noted that the objects in the 
mixed material bin 99 preferably undergo preprocessing procedures discussed above before 
being placed in the mixed material bin 99. The cullets are transported via a transporting 
mechanism, such as a conveyer belt, from the mixed material bin 99 and fed into the first stage 
tri-sorter 202 at the step 402. The transport mechanism used to deliver the cullets to the mixed 
material bin 99 can be any appropriate conventional type used or known in the art and is not 
discussed in detail herein. 

The first stage tri-sorter 202 operates in the manner discussed above and deflects the 
cullets into one of three deflection or trajectory paths, 204, 206, 208. Using the preferred 
identification process discussed above, the first stage tri-sorter 202 deflects all the cullets 
identified as having undesirable characteristics into the deflection path 204. The undesired 
materials are thus deflected and fall into the rejected material bin 218 at the step 404. Such 
undesirable characteristics or materials include, but are not limited to, opaque materials. 



8 



PATENT 

Atty. Docket No. ECULL-00101 

ceramics, and glass with labels. It is apparent to one skilled in the art that any other materials 
can be identified as undesirable. 

The first stage tri-sorter 202 also deflects all cuUets identified as having green 
characteristics as well as cuUets identified as having brown characteristics into deflection path 
5 208 from the mixed input at the step 406. Therefore, all the green and brown glass is deflected 
and directed via a conventional transport mechanism to the third stage tri-sorter 222 for further 
processing, as discussed below. The first stage tri-sorter 202 also directs all cuUets identified as 
having clear characteristics to path 206, whereby the clear or flint glass is directed to the second 
stage tri-sorter 210, at the step 408, via a conventional transport mechanism. Preferably, the 

10 clear or flint glass is allowed to fall undeflected, whereby no actuation is applied to the flint 
glass by the first stage tri-sorter 202. Altematively, instead of allowing the cuUet to fall 
undeflected, the identified clear glass is actuated and is deflected in a desired angled trajectory 
such as paths 204 or 208. 

The second stage tri-sorter 210 receives the cuUets fed into the path 206 from the first 

15 stage tri-sorter 202 at the step 410. In the present example, the majority of cuUets fed into the 
second stage tri-sorter 210 have clear characteristics due to the operation performed by the first 
stage tri-sorter 202. Upon receiving the cuUets from path 206, the second stage tri-sorter 210 
identifies the received sorted cuUets and fiirther sorts and directs the identified cuUets into one of 
the three trajectory paths, 212, 214, 216. Using the preferred identification process discussed 

20 above, the second stage tri-sorter 210 deflects all cuUets identified as having imdesirable 

characteristics into the deflection path 212. The undesired materials are deflected and fall into 
the rejected material bin 218 at the step 412. Such undesirable characteristics or materials are 
mentioned above and any materials can be programmed to be identified as undesirable. 
The second stage tri-sorter 210 also deflects all cuUets identified as having green 

25 characteristics as well as cuUets identified as having brown characteristics into the deflection 
path 216 at the step 414. Therefore, all green and brown glass cuUets are deflected from the 
second stage tri-sorter 210 and directed to the third stage tri-sorter 222 via a conventional 
transport mechanism for fiirther processing, as discussed below. The second stage tri-sorter 210 
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also directs all cuUets identified as having clear characteristics to path 214, whereby the clear 
flint glass is directed to the high quality flint bin 220 at the step 416. Preferably, the flint cuUets 
are allowed to fall undeflected, whereby no actuation is applied to the flint cullets by the second 
stage tri-sorter 210. Alternatively, the identified clear flint cullets are actuated and are deflected 
5 in a desired trajectory, such as the paths 212 or 216. Therefore, the second stage tri-sorter 210 
further sorts the cullets identified and sorted by the first stage tri-sorter 202. In this example, the 
second stage tri-sorter 210 sorts the remaining clear flint cullets out from the mixed material 
cullets into bin 220. It should be noted that although the clear flint cullets are separated out 
completely by the second stage tri-sorter 210, it is apparent that any other desired glass can be 

10 completely sorted by the second stage tri-sorter, instead of clear flint cullets. 

The third or final stage tri-sorter 222 shown in Figure 2 receives the cullets directed 
along the path 208 fi-om the first stage tri-sorter 202 at the step 418. In addition, the third stage 
tri-sorter 222 receives the cullets directed along the path 216 from the second stage tri-sorter 210 
at the step 418. Preferably, the cullets received by the third stage tri-sorter 222 along the paths 

15 208 and 216 are mixed green and brown cullets. In the present example, the majority of cullets 
fed into the third stage tri-sorter 222 have green and/or brown characteristics due to the operation 
performed by the first and second stage tri-sorters 202, 210. However, the third stage tri-sorter 
may receive any other output feed of cullets fi'om the first and/or second stage tri-sorter 202, 
210. Upon receiving the mixed cullets firom the paths 208 and 216, the third stage tri-sorter 222 

20 identifies the received cullets and sorts the identified cullets into one of the three trajectory 
paths, 224, 226 and 228 at the step 420. Using the preferred identification process discussed 
above, the third stage tri-sorter 222 deflects all cullets identified as having undesirable 
characteristics into the path 226, whereby the undesired cullets are directed to the rejection bin 
232 at the step 422. Such undesirable characteristics or materials are mentioned above and any 

25 of the received materials can be programmed into the third stage tri-sorter to be identified and 
sorted as undesirable. 

The third stage tri-sorter 222 also identifies and sorts all cullets identified as having green 
characteristics into the deflection path 224, whereby the deflected green cullets are sent to the 

10 
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high quaUty green cuUet bin 230 at the step 424. The third stage tri-sorter identifies and deflects 
all cuUets identified as having brown characteristics into the deflection path 228, whereby the 
deflected brown cullets are sent to the high quality brown cullet bin 234 at the step 426. 
Therefore, the third stage tri-sorter 222 further sorts the cullets already identified and sorted by 
5 the first and second stage tri-sorters 202, 210, whereby the third stage tri-sorter 222 completely 
filters the green and brown cullets out fi-om the mixed material. The multi-stage system 200 of 
the present invention thereby provides a more thorough sorting operation than previous sorting 
systems. Accordingly, the system 200 of the present invention utilizes subsequent sorting 
devices to further sort the output from preceding sorting devices, whereby the subsequent sorting 

10 devices direct the cullets into bins to have a homogenous collection of colored cullets. This 
allows each tri-sorter within the multi-stage system 200 to be optimized to sort glass with 
particular characteristics. For example, within the multi-stage system 200 of Figure 2, the 
second stage tri-sorter 210 is optimized to sort clear flint glass and the third stage tri-sorter 222 
is optimized to sort green and brown glass. 

1 5 Figure 3 illustrates a four stage glass sorting system 300 with multiple tri-sorter 

mechanisms in accordance with the present invention. As shown in Figure 3, the sorting system 
300 includes a first stage tri-sorter A 302A and a first stage tri-sorter B 302B which preferably 
operate simultaneously with the other tri-sorters in the system 300. The first stage tri-sorter A 
302A is coupled to a rejection bin 3 10, a second stage tri-sorter 322 and a third stage tri-sorter 

20 334. The first stage tri-sorter B 302B is coupled to the third stage tri-sorter 334, the second stage 
tri-sorter 322 as well as a rejection bin 320. The second stage tri-sorter 322 is coupled to the 
third stage tri-sorter 334, a high quality flint bin 332 and a rejection bin 330. The third stage tri- 
sorter 334 is coupled to a high quality green cullet bin 342, a rejection or poor quality flint bin 
344 and a high quality brown cullet bin 346. 

25 The operation of the four stage sorting system 300 of the present invention will now be 

discussed in conjunction with the flow chart illustrated in Figure 5. In particular, crushed cullets 
or pieces, such as opaque, ceramics, glass with labels as well as colored glass, are placed in two 
mixed material bins 98 and 99* at the step 500. It should be noted that the cullets in the mixed 
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material bins 98, 99' preferably undergo preprocessing procedures discussed above before being 
placed in the mixed material bins 98, 99*. The cullets from the mixed material bin 98 are 
transported via a transporting mechanism to the first stage tri-sorter A 3 02 A at the step 502. In 
addition, cullets from the mixed material bin 99' are transported via a transporting mechanism to 
5 the first stage tri-sorter B 302B at the step 502. As stated above, the transport mechanism can be 
any appropriate conventional type used or known in the art and is not discussed in detail herein. 

The first stage tri-sorter A 302A deflects the cullets into one of three deflection or 
trajectory paths, 304, 306, 308. Using the preferred identification process discussed above, the 
first stage tri-sorter A 3 02 A deflects all cullets identified as having undesirable characteristics to 

10 the deflection path 304 and into the rejected material bin 310 (step 504). The first stage tri-sorter 
A 3 02 A directs all cullets identified as having green characteristics as well as cullets identified 
as having brown characteristics into the path 306, whereby the cullets in path 306 are directed to 
the third stage tri-sorter 334 at the step 506. Thus, all green and brown glass is directed to the 
third stage tri-sorter 334 via a conventional mechanism for fiirther processing, as discussed 

15 below. Preferably, the green and brown cullets are allowed to fall along the path 306 

undeflected, whereby no actuation is applied to the cullets by the first stage tri-sorter A 302A. 
Alternatively, instead of allowing the cullets to fall undeflected, the identified cullets are 
actuated by the first stage tri-sorter A 3 02 A and are deflected in a desired trajectory such as 
paths 304 or 308. The first stage tri-sorter A 3 02 A also directs all cullets identified as having 

20 clear characteristics to path 308, whereby the clear or flint glass is directed to the second stage 
tri-sorter 322, at the step 508 via a conventional transport mechanism. 

Preferably, the first stage tri-sorter B 302B simultaneously operates along with first stage 
tri-sorter A 3 02 A. The cullets to be sorted are transported via a transporting mechanism from 
the mixed material bin 99' to the first stage tri-sorter B 302B at the step 502. As stated above, 

25 the transport mechanism can be any appropriate conventional type used or known in the art and 
is not discussed in detail herein. The first stage tri-sorter B 302B deflects the cullets into one of 
three deflection or trajectory paths, 3 1 4, 3 1 6, 3 1 8. Using the preferred identification process 
discussed above, the first stage tri-sorter B 302B deflects all cullets identified as having 

12 
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undesirable characteristics to the deflection path 318 and into the rejected material bin 320 at the 
step 504. The first stage tri-sorter B 302B directs all cullets identified as having green 
characteristics as well as cullets identified as having brown characteristics into the path 3 14 at 
the step 506. Thus, all sorted green and brown glass is directed from the first stage tri-sorter B 
5 302B to the third stage tri-sorter 334 via a conventional mechanism for further processing, as 
discussed below. The first stage tri-sorter B 302B also directs all cullets identified as having 
clear characteristics to the path 316, whereby the clear or flint glass is directed to the second 
stage tri-sorter 322 (step 508) via a conventional transport mechanism. Preferably, the flint 
cullets are allowed to fall undeflected along the trajectory path 316, whereby no actuation is 

10 applied to the cullets by the first stage tri-sorter B 302B. Altematively, instead of allowing the 
flint cullets to fall undeflected, the identified flint cullets are actuated by the first stage tri-sorter 
B 302B to a desired trajectory such as paths 3 14 or 3 1 8. 

The second stage tri-sorter 322 receives the cullets directed along the path 308 from the 
first stage tri-sorter A 302A and along the path 316 firom the first stage tri-sorter B 302B at the 

15 step 510. Upon receiving the cullets fi-om the paths 308 and 316, the second stage tri-sorter 322 
identifies the received cullets and further sorts and directs the identified cullets into one of three 
paths, 324, 326 and 328. Using the preferred identification process discussed above, the second 
stage tri-sorter 322 deflects all cullets identified as having undesirable characteristics along the 
deflection path 328. The details of the undesirable cullets are mentioned above. The undesired 

20 materials that are deflected into the path 328 fall into the rejected material bin 330 at the step 
512. 

The second stage tri-sorter 322 also deflects all cullets identified as having green 
characteristics as well as cullets identified as having brown characteristics into the deflection 
path 324 at the step 514. Therefore, all green and brown glass is deflected from the second stage 
25 tri-sorter 322 to the third stage tri-sorter 334 via a conventional transport mechanism for further 
processing, as discussed below. In the present example, the majority of cullets fed into the 
second stage tri-sorter 322 have clear characteristics fi:om the sorting operation performed by the 
first stage tri-sorters A and B 302A, 302B. The second stage tri-sorter 322 also directs all cullets 

13 
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identified as having clear characteristics to path 326, whereby the flint glass is directed to the 
high quality flint bin 332 at the step 516. Preferably, the flint cuUets are allowed to fall 
undeflected along the trajectory path 326, whereby no actuation is applied to the flint cuUets by 
the second stage tri-sorter 322. Alternatively, the identified clear glass is actuated and is 
deflected in a desired trajectory path such as paths 324 or 330. Thus, the second stage tri- 
sorter 322 further sorts the cuUets already identified and sorted by the first stage tri-sorters A and 
B 302A, 302B, thereby completely separating the flint cuUets fi-om the mixed collection. 

The third or final stage tri-sorter 334 shown in Figure 3 receives the cuUets directed 
along the paths 306, 3 14 and 324 from the first stage tri-sorters A and B 3 02 A, 302B and second 
stage tri-sorter 322, respectively at the step 518. Preferably, the cuUets received in the third 
stage tri-sorter 334 along the paths 306, 314 and 324 are mixed green and brown cuUets. hi the 
present example, the majority of cuUets fed into the third stage tri-sorter 334 have green and/or 
brown characteristics due to the operation performed by the first stage tri-sorters A and B 302A, 
302B as well as the second stage tri-sorter 322. Upon receiving the green and brown cuUets 
directed along the paths 306, 314 and 324, the third stage tri-sorter 334 further identifies and 
sorts the identified cuUets into one of the three paths, 336, 338 and 340. Using the preferred 
identification process discussed above, the third stage tri-sorter 334 allows all cuUets identified 
as having undesirable characteristics to fall along the path 338 at the step 520, whereby the 
undesired cuUets are directed to the rejected bin 344. Alternatively, instead of allowing the 
undesired cuUets to fall undeflected, the undesired cuUets are actuated to a desired trajectory 
such as paths 336 or 340. 

The third stage tri-sorter 334 also identifies and sorts all cuUets identified as having green 
characteristics into the deflection path 336, whereby the deflected green cuUets are sent to the 
high quality green cuUet bin 342 at the step 522. In addition, the third stage tri-sorter 334 
identifies and deflects all cuUets identified as having brown characteristics into the deflection 
path 340, whereby the deflected brown cuUets are sent to the high quality brown cuUet bin 346 at 
the step 524. Therefore, the third stage tri-sorter 334 further sorts the cuUets already identified 
and sorted by the first and second stage tri-sorters 302A, 302B and 322, thereby completely 
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separating all the green and brown cuUets into their respective bins. Accordingly, the system 
300 of the present invention utilizes subsequent sorting devices to further sort the output from 
preceding sorting devices, whereby the subsequent sorting devices direct the cullets into bins to 
have a homogenous collection of colored cullets. This allows for optimization of the sorting 
characteristics of each tri-sorter stage within the multi-stage system 300. 

The scalability of the present sorting system allows for any volume of cullets. Although 
the multi-sorting system described above is preferably utilized for glass cullets, it is apparent to 
one skilled in the art that the system is altematively used to sort other objects. It is understood 
by one skilled in the art that any number of tri-sorters are utilized in the system to sort the cullets 
into any number of bins. In addition, the tri-sorters in the system 200, 300 may be positioned in 
any other configuration with respect to one another and is not limited to the configurations 
shown in Figures 2 and 3. In addition, the tri-sorters can be configured such that the cullets are 
deflected along a path different than those shown in Figures 2 and 3. Further, it is understood 
that the tri-sorters may be positioned such that the undesired cullets are directed into one bin 
instead of multiple bins. For instance, the tri-sorters can be reconfigured or repositioned such 
that all the undesired cullets fall into one rejection bin, such as bin 344, instead of three rejection 
bins 310, 320, and 344. In addition, although the steps are shown in a particular order in regards 
to the flowcharts in Figures 4 and 5, it should be noted that each tri-sorter is identifying and 
sorting the cullets simultaneously. 

The present invention has been described in terms of specific embodiments incorporating 
details to facilitate the xmderstanding of the principles of construction and operation of the 
invention. Such reference herein to specific embodiments and details thereof is not intended to 
limit the scope of the claims appended hereto. It will be apparent to those skilled in the art that 
modifications may be made in the embodiment chosen for illustration without departing from the 
spirit and scope of the invention. 
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